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A b strac t P lan a r w av eg u id e  s lo tted  array  an tennas offer extrem ely low sidclobc and controlled aperture excitation  L ightw eight, geom etric 
iim plicity  and re liab ility  m ake  such arrays very  useful for airborne radar application In large arrays with num ber o f  slots placed close to one 
another, the e ffec t o f  m utua l cou p lin g  is p redom inan t M utual coupling betw een slots affects the slot perform ance and antenna pattern In this 
paper an a ttem pt is m ade  to  charac te rize  a  s lo t in the ne ighbourhood o f  a large num ber o f  longitudinal shunt slots in a K a-band array. Im proved 
array perfo rm ance w ith  b e tte r inpu t m atch  is achieved by m inim ization  o f  m utual coupling effects by finding new  slo t lengths and offsets
K eyw ords M utual cou p lin g , s lo tted  array an tenna
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1. I n t ro d u c t io n
High p c rfo n n a n c e  r a d a r  re q u ire s  m ic ro w a v e  a n te n n a s  th a t 
dre large in te rm s  o f  w a v e le n g th .  T h e  a d v a n ta g e  o f  p la n a r  
array o f  ra d ia tin g  e le m e n ts  o v e r  p a ra b o lic  re f le c to rs  is th a t 
the an ten n a  d e s ig n  d ic ta te s  th e  d is tr ib u tio n  w h e n  each  
element is fed  w ith  c o r r e c t  a m p litu d e  a n d  p h a se . T h is  ty p e  
of antenna is v e ry  u se fu l in  a p p lic a tio n s  w ith  n a rro w  
beam width a n d  lo w  s id e lo b e  le v e l. M o s t o f  th e  d es ig n  
techniques a v a ila b le  fo r  p la n a r  a r ra y s , il lu s tra te s  th e  s lo t 
characteristics in  is o la t io n  [1 ]. F o r  la rg e  a rra y s  th e  e ffec t o f  
neighbouring s lo ts  o n  e a c h  s lo t c a n n o t b e  ig n o red . B ecau se  
ot mutual c o u p lin g  e f fe c ts , th e  in p u t im p e d a n c e  o f  a ra d ia tin g  
antenna w h en  u se d  a s  a n  e le m e n t o f  an  a rra y  is d if fe re n t fro m  
iis im pedance v a lu e  w h e n  th e  s a m e  a n te n n a  is iso la ted , 
fu rtherm ore, th is  d if f e re n c e  b e tw e e n  im p e d a n c e  v a lu e  m ay  
result in e rro rs  in  th e  d e s i re d  p a tte rn , in in c re a se d  s id e lo b e  
•cvel, or in a rra y  m is m a tc h . T h e  a m o u n t a n d  ty p e  o f  e rro r 
introduced d e p e n d s  a ls o  o n  th e  m e a n s  b y  w h ic h  th e  a rray  
IS fed [2].
The th eo ry  o f  m u tu a l  im p e d a n c e  is w e ll e s ta b lish e d  w ith  
dipoles. It h as  b e e n  r e p o r te d  to  b e  e f f ic ie n tly  u sed  fo r sm all 
arrays in X -b a n d . In  th is  it is  p ro p o s e d  th a t th e  sam e 
technique can  b e  e x te n d e d  to  la rg e r  a r ra y s  a t K a -b a n d  u n d e r
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certa in  a ssu m p tio n s. Such eyi an a ly s is  is o f  u tm o s t im p o rtan ce  
a t th is  b an d  co n s id e rin g  th e  m e c h a n ic a l a n d  fab rica tio n  
to le ran ces .
2 . T h e o ry
T h e  m u tu a l im p ed an ce  b e tw een  a p o in t A"(0, y, z on  
th e  ax is  d ip o le  A c en te red  at (0 , y, z) and  d ip o le  B c en te red  
a t (0 , 0, 0 ) is w ritten  as [3)
j2 2 ____f'*
i .s in W j J/,
Z ,2 = -
e~M -  , ,  e-J*’’
- + --------------2  COS x / i ----------
sin  k/j.
xsink(/2~IC2l)^^C2  ^ 0 )
w h e re  /] an d  k  a re  len g th s o f  th e  d ip o le s  an d  r , r j ,  r 2 a re  
th e  d is tan ces  from  p o in t X  to  cen te r , to p  an d  b o tto m  ed g e  
o f  d ip o le  B. T h e  v a lu e  o f  Zn is c le a rly  in f lu e n c e d  by  th e  
len g th  o f  th e  d ip o les . U n d e r the  a ssu m p tio n s  th a t th e  d ip o les  
a re  s len d e r an d  n o t to o  c lo se  to  ea c h  o th e r , th e  f ie ld  o f  o n e  
in th e  v ic in ity  o f  th e  o th e r is n eg lig ib ly  d if fe re n t fro m  w h a t 
o n e  w o u ld  co m p u te  by c o lla p s in g  th e  c u rre n t d is tr ib u tio n  
o n to  th e  d ip o le  ax is . A lso , th e  v a ria tio n  o f  th is  fie ld  o v e r th e  
su rface  o f  th e  o th e r d ip o le  is n e g lig ib ly  d if fe re n t fro m  th e  
v a ria tio n  o f  th is  fie ld  a lo n g  th e  ax is  o f  th e  o th e r  d ip o le . F o r 
th e se  rea so n s , u n d e r th e  s la ted  a s su m p tio n s  it d o e s  n o t m a tte r  
w h a t th e  c ro ss -sec tio n a l sh a p e s  o f  th e  d ip o le s  a re . E q . (1 )
O  2001 lA C S
184 Juita Bhattacharya, G V Ramakoteswara Rao and  V G Borkar
c a n  b e  u se d  to  c o m p u te  Zu b e tw e e n  s trip  d ip o le s  as w e ll as 
b e tw e e n  c y lin d r ic a l d ip o le s , as lo n g  as th e  s le n d e rn e ss  
c r i te r ia  a re  m et. T h e re fo re , th is  p a p e r  p ro p o se s  th a t th e  
d ip o le  th e o ry  c an  be  e x te n d e d  to  la rg e  s lo tte d  a rray s  a t K a- 
b a n d  u n d e r  th e  fo l lo w in g  a ssu m p tio n s  ;
( i)  S le n d e rn e s s  ra t io  (//w  > 10).
( i i)  S lo ts  a re  p a ra lle l.
( i ii)  A ll s lo ts  a re  c e n tre  fed.
( iv )  R e so n a n tly  sp a c e d  (A g/2 ap a rt).
(v )  R a d ia tin g  s lo ts  in c o m m o n  w a v e g u id e .
(v i)  M o d e  v o lta g e  h as  a c o m m o n  v a lu e .
In o rd e r  to  c a lc u la te  th e  m u tu a l im p e d a n c e , w e  sta rt w ith  
th e  b as ic  d e s ig n  fo r w a v e g u id e  s lo tte d  a rra y  a n te n n a s  w h ic h  
c o n s is ts  o f  a p la n a r  a rra y  o f  lo n g itu d in a l sh u n t s lo ts  w h ich  
is fed  b y  a  m a m  line  w a v e g u id e  tra n sv e rs e ly  ru n n in g  a c ro ss  
th e  b a c k  o f  th e  a rra y . C o u p lin g  s lo ts  in th e  m a in  w a v e g u id e  
a re  u sed  to  e n e rg is e  th e  b ra n c h  lin es. It is a lso  a ssu m e d  th a t 
th e  s lo ts  a re  re s o n a n tly  p la c e d . T h e  d e s ig n  e q u a tio n s  a re  :
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m u tu a l im p e d a n c e s  b e tw e e n  th e  d ip o le s  in an equivalent 
a rray . T h e  in itia l d e s ig n  d a ta  o f  e v e ry  iso la te d  s lo t can be
re p re se n te d  by  a  fa m ily  o f  c u rv e s  w h ich  is e x tre m e ly  useful 
fo r  c o m p u ta tio n a l p u rp o se s . P lo ts  o f  th e s e  c u rv e s  a re  shown 
in F ig u re s  2 - 5 .  It is im p o rta n t to  n o te  th a t all fo u r  curves 
a re  s im p le  in fo rm  a n d  can  b e  e a s ily  p o ly f il te d .
(2)
(3)
W h e re  VmtJGo is th e  n o rm a lis e d  a d m itta n c e  an d  a , h a re  
w a v e g u id e  b ro a d  w a ll a n d  n a rro w  w a ll d im e n s io n s  p, rj, k 
a re  c o n ta n ts . T h e  d o u b le  n o ta tio n  is u se d  to  in d ic a te  m th  slo t 
in n th  b ra n c h  line  w a v e g u id e , is th e  v o lta g e  o f  th e  
c o rre s p o n d in g  s lo t, is its len g th  an d  its o ffse t. A c tiv e  
a d m itta n c e  o f  m n th  e q u iv a le n t lo a d e d  s lo t is th e  sum  
o f  its s e l f  im p e d a n c e  a n d  m u tu a l im p e d a n c e . W lien  th e  a b o v e  
e q u a tio n s  a re  u se d  o n e  m u s t a s s u m e  an  in itia l se t o f  slo t 
le n g th s  a n d  o ff s e ts  to  c o m p u te  th e  in itia l m u tu a l im p e d a n c e  
v a lu e s  [4].
3. Design procedure
Ig n o r in g  m u tu a l c o u p lin g , a  w a v e g u id e  s lo tte d  p la n a r  a rra y  
w as  d e s ig n e d  a t K a -b a n d  c o n s is tin g  o f  ten  b ra n c h  lin e  
w a v e g u id e s  w ith  o v e r  6 0 0  slo ts . In itia l le n g th s  a n d  o ffse ts  
w a s  o b ta in e d  fro m  th e  p re l im in a ry  d e s ig n  o f  th e  p la n a r  a rra y  
c h o o s in g  ea c h  s lo t to  b e  s e l f  re s o n a n t w ith  th e  p ro p e r  
d is tr ib u tio n  o f  c o n d u c ta n c e s  to  e n su re  th e  p ro p e r  p a tte rn  an d  
in p u t m a tc h . T h e  s y n th e s iz e d  p a tte rn  is sh o w n  in F ig u re  1. 
O n c e  th e  se le c tio n  o f  th e  in itia l v a lu e s  o f  s lo t le n g th s  an d  
o ff s e ts  a re  d o n e , eq . (1 )  can  b e  u se d  to  c o m p u te  all th e
F ig u re  2 . Normali:>cd conductance  vtTJU5 reso n an t length  for slnmi slois
Ratio of Slot Length to Re.sonant Length
F ig u re  J .  N orm alised  suscep tance  versus re so n an t length for 
slots
T hese p o ly f it te d  fu n c t io n s  to g e th e r  w ith  th e  v a lu e s  o f  
nnitual im p ed an ce , eq . (2), eq . (3) an d  d e s ire d  a rra y  ex c ita tio n .
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permit c o m p u ta tio n  o f  a  se t o f  s ta r tin g  v a lu e s  fo r  th e  m u tu a l 
coupling te rm s. T h is  d e s ig n  p ro c e d u re  w a s  c a rr ie d  o u t fo r  
cquiphase slo t v o lta g e  d is tr ib u tio n . T h e  e ffe c t o f  m u tu a l 
coupling b e tw e e n  th e  s lo ts  m o d if ie s  th e  s lo t a d m itta n c e  an d  
makes it n o n - re s o n a n t. S e a rc h in g  fo r  th e  le n g th -o ffse t 
com bination  to  m a k e  th e  a c tiv e  a d m itta n c e  p u re ly  rea l can  
m inim ize th is  e ffe c t. T h e s e  m o d if ie d  le n g th s  a n d  o ffse ts  
ilumld be ju d ic io u s ly  c h o s e n  to  g iv e  th e  p ro p e r  slot voltage 
di.slribulion. A ls o  su m  o f  th e  n o rm a liz e d  a c tiv e  a d m itta n c e  
ha*, to be u n ity  (e n d - fe d )  o r  tw o  (c e n te r - f e d )  s in ce  it th e  in p u t 
match c o n d itio n .
I he en tire  d e s ig n  p ro c e d u re  in v o lv e s  c o m p le x  an d  te d io u s  
caictilaiions b e c a u s e  it ta k e s  in to  a c c o u n t th e  e ffe c t o f  all 
dots on e v e ry  s in g le  s lo t. A  c o m p u te r  p ro g ra m  h a s  b een
Slot ollser m cin.s
5. R esonant len g th  versus ofTset fo r shuni slots.
developed to  c o m p u te  a c c u ra te ly  th e  m u tu a l im p e d a n c e  
terms and fin a lly  a r r iv e  at th e  c o rre c te d  s lo t le n g th  a n d  o ffse t, 
^^everai ite ra tio n s  fo r  le n g th s  a n d  o ff s e ts  a re  c a r r ie d  o u t u n til
4. D isc u ss io n
T h e  th e o re tic a lly  s im u la ted  az im u th  p a tte rn s  sh o w n  in F ig u re  
6 c lea rly  p o in ts  o u t th a t e ffe c t o f  m u tu a l c o u p lin g  is 
p re d o m in a n t at th e  en d  ch a n n e l c o m p a re d  to  c e n te r  c h a n n e l. 
F ig u re  7 sh o w s th e  c o m p a r iso n  b e tw e e n  th e  a rra y  p a tte rn  
d e to r ia t io n  d u e  to  m u tu a l c o u p lin g  a n d  p a tte rn  a f te r
-777 ITT
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F ig u r r  6. F n tc l  o f  niuiual cou ;'ling  ai cen ter and edge o f  ihe array.
the
variations a re  w ith in  th e  fa b r ic a t io n  to le ra n c e s .
F ig u re  7, Array pattern (with m utual coupling  and its correction)
c a n c e lla tio n  o f  m u tu a l c o u p lin g . Tht c o rre c te d  p a tte rn  is 
m a tc h in g  c lo se ly  w ith  th e  sy n th e s iz e d  p a tte rn  F ig u re  I. T h e  
s im u la tio n  s tu d ie s  sh o w s th a t n o  s lo t in th e  a rra y  is s e l f  
re so n a n t. E ach  s lo t h as to  be  d e tu n e d  a p p ro p r ia te ly  to  m a k e  
th e  in d iv id u a l a c tiv e  a d m itta n c e  re so n a n t. In  a  re c ta n g u la r  
g rid  s tru c tu re , sy m m e try  in len g th  an d  ofTset is o b se rv e d  in 
th e  1st an d  3 rd  an d  2 n d  an d  4 th  q u a d ra n ts . A lso  e ffe c t o f  
m u tu a l c o u p lin g  a t ed g e  o f  th e  a rra y  is p re d o m in a n t th an  a t 
c e n te r  o f  th e  a rray . W h en  in itia l v a lu e s  o f  len g th  a n d  o ffse t 
a rc  ch o sen  c lo se  to  th e  d es ired  c o n d u c ta n c e  a n d  in p u t m a tc h , 
v a ria tio n  in  f in a l len g th s  a n d  o ffse ts  a re  w ith in  5 %  a f te r  
m in im iz a tio n  o f  m u tu a l c o u p lin g . In  su ch  c a se s  a  s in g le  
ite ra tio n  w o u ld  be su ffic ie n t. S ev e ra l ite ra tio n s  m a y  b e  
re q u ire d  w h en  th e  in itia l o ffse ts  a re  c h o se n  a rb itra r ily  
w ith o u t an y  ta p e r  in p o s itio n s  o f  th e  s lo ts . A s in g le  c h a n n e l
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of the array including correction for mutual coupling was 
fabricated and tested. The results are shown in Figure 8.
Angle (deg)
Figure 8. Measured paticrn at Ka-band
Improved performance is expected with a new piece 
which is currently under fabrication with better mechanical
tolerences. Experimental work is being carried on to prove 
it for planar arrays in this band.
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